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A method and apparatus for preventing damage to a metal
component that 1s susceptible to damage by electro-mag-
netic eflects or reduce manufacturing assembly steps. An
initial channel 1s formed through the metal component and
1s defined by an 1nner surface. A bushing 1s placed into the
initial channel. An interference fit 1s created between the
outer surface of the bushing and the inner surface of the
initial channel through the metal component. A final channel
1s formed through the bushing. A fastener 1s placed into the
final channel to attach the metal component to a second
component, wherein electrical magnetic effects occur
between the fastener and the bushing.
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METHOD AND APPARATUS FOR
PREVENTING LIGHTNING STRIKE
DAMAGE TO A STRUCTURAL
COMPONENT

This application 1s a divisional application of U.S. patent
application Ser. No. 14/171,782, filed Feb. 4, 2014, now
U.S. Pat. No. 9,533,771, which 1s a continuation of U.S.
patent application Ser. No. 11/468,174, filed Aug. 29, 2006,
now U.S. Pat. No. 8,661,683.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to airplanes and
more particularly to reducing electro-magnetic effects to
structural components 1n an airplane 1n addition to reducing
the number of steps needed to assemble components.

2. Description of the Related Art

Lightning strikes occasionally occur on an aircraft trav-
cling near or through a thunderstorm. A lightning strike on
an aircraft normally does not damage the aircraft, but may
leave a burn mark. Additionally, pits or burns on the skin of
the aircraft occur at points of entry or exit for the lightning
strike. In particular, an electric strike arcing may occur
between a fastener and a hole bore 1n a structure 1n which
fasteners are used to hold different structural components of
the aircrait together. The arcing may induce a defect on the
surface, which induces a stress concentration. This defect 1s
also referred to as “pitting”. Various parts of the aircrait may
be more sensitive to this type of defect than others. For
example, the side-of-body chord used to attach a wing to the
aircraft 1s often made of titanium. Holes are formed 1n the
side-of-body chord to receive fasteners to attach the wing.
This type of metal 1s very notch sensitive.

As a result, pitting on a hole surface 1n a chord made of
titanium greatly reduces the fatigue resistance of this part.
This component and other components for the side body
joint are part of a safety of flight joint and cannot have these
types of defects.

One current approach to reduce electro-magnetic eflects
(EMEs), such as those from lightning strikes, 1s to use
interference fit fasteners. However, with the currently used
assembly processes, interference {it fasteners are hard to use
because of space constraints present when installing the
fasteners while attaching a wing to a body of an aircrait.
Redesigning the joint 1s expensive and not feasible.

Current assembly processes employ “One-Up Assembly™
in which once parts are put together, the diflerent parts are
not taken apart again. The complexity with the number of
different fasteners makes 1t almost impossible to correctly
realign parts 1f parts have to be removed once they have been
put together in the assembly process. For this reason,
“One-Up Assembly” 1s often used. For example, in attaching
a wing to a body of an aircraft, several thousand fasteners
may be required to attach the wing to the body. Realigning
this number of holes for fasteners 1s very time consuming 11
the parts are taken apart after holes are created for fasteners
to remove defects that occur from creating the holes for the
fasteners. In most cases realignment 1s 1mpossible 11 disas-
sembly occurs.

Theretfore, 1t would be advantageous to have an improved
method and apparatus for assembling components.

SUMMARY OF THE INVENTION

An embodiment of the present mmvention provides a
method and apparatus for preventing damage to a metal
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component that 1s susceptible to damage by electro-mag-
netic eflects. An initial channel 1s formed through the metal
component. The imitial channel i1s defined by an 1nner
surface. A bushing 1s placed into the initial channel, wherein
the bushing has an outer surface and an inner channel. An
interference it 1s created between the outer surface of the
bushing and the inner surface of the 1mitial channel through
the metal component. A final channel 1s formed through the
bushing. In forming the final channel, matenial 1s removed
from the bushing to increase a size of the inner channel to
one that 1s suitable to receive a fastener and such that the
inner surface of the metal component remains unexposed
within the final channel. The final channel extends through
a second component. A fastener i1s placed into the final
channel to attach the metal component to a second compo-
nent, wherein electro-magnetic eflects occur between the
fastener and the bushing.

The features, functions, and advantages can be achieved
independently 1n various embodiments of the present inven-
tion or may be combined in yet other embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the invention
are set forth in the appended claims. The invention itself,
however, as well as a preferred mode of use, further objec-
tives and advantages thereof, will best be understood by
reference to the following detailed description of an advan-
tageous embodiment of the present invention when read in
conjunction with the accompanying drawings, wherein:

FIG. 1 1s a diagram of an aircraft in which an advanta-
geous embodiment the present invention may be imple-
mented;

FIG. 2 1s a diagram 1illustrating structural components
used to atlix a wing to a body of an aircraft 1n accordance
with an advantageous embodiment of the present invention;

FIG. 3 1s a cross-sectional diagram illustrating a fastener
in accordance with an advantageous embodiment of the
present 1nvention;

FIG. 4 1s a cross-sectional diagram of a fastener in the
form of a titanium stud 1n accordance with an advantageous
embodiment of the present invention;

FIGS. SA-5C are cross-sectional diagrams 1llustrating the
installation of a bushing within a titanium section in accor-
dance with an advantageous embodiment of the present
invention;

FIGS. 6A-6B are cross-sectional diagrams illustrating
fastening two structural components together in accordance
with an advantageous embodiment of the present invention;

FIG. 7 1s a cross-sectional diagram 1llustrating bushing
offset capability 1n accordance with an advantageous
embodiment of the present invention;

FIG. 8 1s a diagram 1llustrating oflsets 1n the positioning,
of a diameter in a hole within a bushing 1n accordance with
an advantageous embodiment of the present invention;

FIG. 9 15 a cross-sectional diagram 1llustrating securing a
bushing to a plate 1n accordance with an advantageous
embodiment of the present invention; and

FIG. 10 1s a cross-sectional diagram illustrating a bushing
in accordance with an advantageous embodiment of the
present invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

(Ll

With reference now to the figures, and 1n particular, with
reference to FIG. 1, a diagram of an aircraft 1s depicted in
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which an advantageous embodiment of the present invention
may be implemented. Aircrait 100 1s an example of an
aircraft in which a method and apparatus for preventing
lightning strike damage to a structural component may be
implemented. Further, aircrait 100 also 1illustrates an
example of an aircraft in which the number of steps needed
to fasten the structural components together 1s reduced.

In this illustrative example, aircrait 100 has wings 102

and 104 attached to body 106. The attachment of wing 102

and wing 104 to body 106 are examples of structures in
which protection from electro-magnetic effects, such as
lightning strikes, 1s crucial to maintain fatigue resistance.
Typically, body 106 has a side-of-body chord (not shown)
that 1s made of titantum and used to join wing 102 and wing
104 to body 106. In this depicted example, these wings have
carbon fiber reinforced polymer (CFRP) within the struc-
tural components. Aircrait 100 includes wing mounted
engines 108, 110, 112 and 114. Further, aircrait 100 also
includes body mounted engine 116 body mounted engine
118 and tail 120.

Turning now to FIG. 2, a diagram 1illustrating structural
components used to atlix a wing to a body of an aircrait 1s
depicted 1n accordance with an advantageous embodiment
of the present invention. In this example, these structural
components show the point at which a wing, such as wing
102 in FIG. 1, 1s atlixed to a body of an aircratt, such as body
106 in FIG. 1.

In this illustrative example, wing 200 1s atlixed to a wing,
box for the body of the aircraft using chord 204, chord 206,
and splice plate 208. In these examples, fasteners, such as
bolts 210, 212, 214, and 216 are assembled using bushings
in accordance with an advantageous embodiment of the
present invention. Assembly of fasteners, such as bolts, 1s
described 1n more detail below.

The present invention provides a method and apparatus
for preventing damage to a metal component that 1s suscep-
tible to damage by electro-magnetic effects. In these illus-
trative examples, the electro-magnetic eflect 1s one caused
by a lightning strike on an aircraft. In attaching components
to each other, an 1nitial channel 1s formed through a metal
component. This metal component has an inner surface. A
bushing 1s placed into this 1mitial channel. The bushing 1s
expanded to form an iterference fit between the outer
surface of the bushing and the inner surface of the channel
formed 1n the metal component. A final channel 1s formed
through the bushing and the second component in which
material 1s removed from the bushing to increase the size of
the 1nner channel.

This increased size of the inner or final channel 1s suitable
to receive a fastener. Further, the inner surface of the metal
component remains unexposed within the final channel. The
tastener 1s placed into the final channel to attach the metal
component to the second component. As a result, in the
event that an electro-magnetic eflect occurs, the electro-
magnetic effect occurs between the fastener and the bushing
instead ol between the fastener and the metal component.
Further, the metal component may be placed into position
for attachment to the second component prior to forming the
final channel. This step 1s an 1llustrative example of one that
helps facilitate “One-Up Assembly”.

Turning now to FIG. 3, a cross-sectional diagram illus-
trating a fastener 1s depicted 1n accordance with an advan-
tageous embodiment of the present mvention. In this
example, the fastener takes the form of bolt 300. Bolt 300 1s
an example of a bolt, such as bolt 210 1n FIG. 2. As can be
seen 1n this example, carbon {fiber remnforced polymer
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(CFRP) section 302 and titanium section 304 are two
different components that are joined together.

As depicted, bushing 306 forms a barrier between bolt
300 and titanium section 304. In this 1llustrative example,
bushing 306 provides a sacrificial material 1n the event of an
clectro-magnetic eflect, such as a lightning strike. Any
arcing that may occur from a lightning strike occurs between
bolt 300 and bushing 306 1n these 1llustrative examples. In
this manner, any damage or pitting, that may occur, occurs
in bushing 306, rather than 1n titantum section 304.

Bolt 300 1s secured using washer 308 and nut 310. As used
herein, a bushing 1s a cylindrical shell with or without a
flange that may be installed in a structural component 1n
conjunction with a member or fastener, such as a pin or a
bolt. In other words, a bushing 1s a member that 1s cylin-
drical 1n shape and has a channel through i1t. The outside
surface ol this member has an outer diameter and the
channel has an mner diameter. A bushing 1s also referred to
as a plamn journal bearing or a sleeve bearing in these
examples.

Bushings are typically used for components that move or
turn. In the illustrative examples, however, these bushings
are used as a sacrificial material for placing fasteners, such
as bolts, into materials that are susceptible to damage from
clectro-magnetic effects. One example of this type of mate-
rial 1s titanium. Other examples of materials that may be
used include aluminum and steel alloys. Arcing will reduce
the fatigue life of any metal component.

Turning now to FIG. 4, a cross-sectional fastener in the
form of a titantum stud 1s depicted 1n accordance with an
advantageous embodiment of the present invention. In this
example, titanium stud 400 holds together carbon fiber
reinforced polymer section 402 and titanium section 404.
Titanium stud 400 1s surrounded by bushing 406 within
titanium section 404. Titanium stud 400 1s held in place
using nut 408, washer 410, nut 412, and washer 414.
Titanium stud 400 1s an alternative example of a fastener that
may be used in accordance with an advantageous embodi-
ment of the present invention. The fasteners shown in the
examples 1n FIGS. 3 and 4 are presented for purposes of
illustration and are not intended to limit the type of fastener
that may be used 1n the different embodiments of the present
invention.

Turning now to FIGS. SA-5C, cross-sectional diagrams
illustrating the installation of a bushing within a titanium
section are depicted in accordance with an advantageous
embodiment of the present invention.

In FIG. SA, hole 500 1s formed 1n titanium section 502.
Hole 500 i1s created through a drilling process in these
examples. This hole 1s a first channel 1n titanium section 502.
One result of the dnlling process 1s that burrs are present
both 1n entry 504 and exit 506 of hole 500 1n titanium section
502. In this illustrative example, de-burring 1s then per-
formed on titanium section 302 to remove these defects.
These defects are removed to avoid fatigue penalties 1n
metal materials, such as titanium. Thereafter, in FIG. 5B,
bushing 508 1s installed into hole 500 1n titanium section
502. Bushing 508 contains hole 510, which forms a second
channel. This hole 1s one through which a fastener may be
placed.

In FIG. 5C, mandrel 511 1s pulled through bushing 508 to
expand bushing 508 such that 1t remains in place in titanium
section 502. The interference fit 1s between outer surface 512
of bushing 508 and 1nner surface 514 of hole 500 1n titanium
section 302. An example of a process that may be used to
generate an interference fit for a bushing 1s Forcemate
available from Fatigue Technology, Inc. Of course, an
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interference fit may be accomplished using other tools or
processes. For example, currently available shrink or press
{it processes may be used to create the iterference {it.
Turning now to FIGS. 6A-6B, cross-sectional diagrams
illustrating the fastening of two components together are
depicted 1n accordance with an advantageous embodiment
of the present invention. In these 1llustrative examples, the

components are structural components. In this example 1n
FIG. 6A, titamium section 600 contains bushing 602 and 1s
similar to the final titanium section, titanium section 502,
depicted 1n FIG. 5C.

In FIG. 6A, carbon fiber reinforced polymer (CFRP)
section 604 1s brought 1nto place with titamium section 600.
Thereafter in FI1G. 6B, drill 606 1s used to form hole 608 in
CFRB section 604. Hole 608 has been drilled or bored to
increase its size to form a final channel for final attachment.
Bushing 602 serves as a guide for drill 606 in creating hole
608. These two sections form stack 610.

In creating hole 608, a burr present in mnner diameter 612
of bushing 602. This burr 1s caused by reaming performed to
increase a size of the diameter of hole 608 to inner diameter
612. However, a burr 1s not present within titanium section
600. This burr does not have to be removed because the burr
1s 1n bushing 602, not in titanium section 600.

As a result, fatigue penalties are not incurred in this
process. Further, this type of process also allows for “One-
Up Assembly”. “One-Up Assembly” 1s a process in which
the structure 1s not separated after 1t has been put together.
In other words, stack 610 does not need to be disassembled
to de-burr or remove the burr created within bushing 602.
Stack 610 1s left as 1s after the drilling occurs.

Consequently, an extra step 1n which disassembly of the
components and cleaming or de-burring 1s avoided by using
the processes 1in an advantageous embodiment of the present
invention. This final reaming or drilling within hole 608
torms the final channel through bushing 602. The fastener 1s
placed into this final channel formed within hole 608. The
point of origin for a diameter of the final channel created
through the bushing does not have to follow the point of
origin for the diameter of the original hole created by the
bushing as long as the component that i1s to be protected 1s
not exposed. The thickness 1n the wall of the bushing varies
depending on the particular requirements and 1mplementa-
tions.

Although the depicted examples are shown 1n which the
final channel for a fastener 1s created after the components
have been brought together and aligned, the different advan-
tageous embodiments of the present mvention may be
applied to components in which the final channel 1s gener-
ated separately for the components. In this type of imple-
mentation, the components are aligned after the formation of
the final channel. Although additional steps may occur with
this type ol implementation, the bushing still serves to
protect the material for the component for which damage
from electro-magnetic etlects 1s to be avoided.

Turning now to FIG. 7, a cross-sectional diagram 1llus-
trating bushing oilset capability 1s depicted 1n accordance
with an advantageous embodiment of the present invention.
In this example, stack 700 includes titanium section 702,
carbon fiber reinforced polymer (CFRP) section 704 and
titanium section 706. In this example, titanium section 702
contains bushing 708 and titanium section 706 contains
bushing 710.

As depicted, the walls of bushing 708 have an even
thickness throughout, while the walls of bushing 710 have
an uneven thickness. These differences between the thick-
ness of the walls 1 bushings 708 and 710 provide for
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increased part alignment tolerance. The thickness of a wall
in a bushing may be less 1n some places than others as long
as the thickness 1s suflicient to prevent electro-magnetic
damage from occurring in the particular titanium section.

With reference now to FIG. 8, a diagram illustrating
oflsets 1n the positioming of a diameter 1n a hole within a
bushing 1s depicted 1 accordance with an advantageous
embodiment of the present invention. This diagram 1llus-
trates a cross-section of a bushing 1n this example. Bushing
800 has outside diameter 802 and original nside diameter
804. Center pomnt 806 1s the point of origin for outside
diameter 802 and original inside diameter 804. Final inside
diameter 808 may have a diflerent point of origin that is
oflset from center point 806 in this illustrative example. As
can be seen, final 1nside diameter 808 for the final channel
in which a fastener 1s placed does not have a point of origin
along center point 806. This offset occurs to allow for part
alignment tolerances to increase between the different parts
being put together 1n a stack, such as stack 700 i FIG. 7.

Other offsets for the point of origin from center point 806
may occur depending on the particular alignment. The
minimum distance between final inside diameter 808 and
outside diameter 802 depends on the particular implemen-
tation.

Turning now to FIG. 9, a cross-sectional diagram 1llus-
trating securing a bushing to a plate 1s depicted 1 accor-
dance with an advantageous embodiment of the present
invention. This figure 1llustrates one manner 1n which an
interference fit may be created between a bushing and the
component 1n which the bushing 1s placed.

In this depicted example, bushing 900 has been placed
into plate 902. Mandrel 904 1s pulled from flange side 906
of bushing 900 through to non-tflange side 908 of bushing
900 1n the direction of arrow 910 to form an interference it
between bushing 900 and plate 902. This type of securing of
bushing 900 results 1n stress occurring in plate 902 because
bushing 900 becomes slightly deformed. In particular, the
diameter on non-flange side 902 expands more than the
diameter on flange side 906. As a result, reversing the
direction 1n which mandrel 904 1s pulled to the opposite side
of flange side 906 results 1n less distortion or stresses on
plate 902.

Turning now to FIG. 10, a cross-sectional diagram 1llus-
trating a bushing 1s depicted 1n accordance with an advan-
tageous embodiment of the present mvention. In this
example, a cross-section of bushing 1000 1s depicted. Flange
side 1002 of bushing 1000 has inner diameter 1004, while
non-tlange side 1006 has inner diameter 1008. Inner diam-
cter 1004 1s less width than mner diameter 1008. A tapering
1s present to increase the diameter on non-flange side 1006
within bushing 1000. This tapering 1s used in this illustrative
example to account for a different expansion within bushing
1000 when a pull of a mandrel from flange side 1002 on
non-flange side 1006 occurs 1n securing bushing 1000 to a
plate. This geometry 1s selected to provide a uniform radial
expansion 1n the bushing when an interference fit 1s created
using a tool, such as a mandrel.

This differential expansion occurs because of the stifiness
of the flange. Another reason for the differential expansion
1s because material from the inside diameter of bushing i1s
pulled through the hole as the mandrel expands the bushing.
This material creates more radial movement at the outside
diameter and into the titantum on the exit side of the
mandrel. Opening up or increasing the inside diameter of the
bushing near the exit side on or increasing non-flange side
1006 creates a more uniform radial expansion. In particular
a more umiform radial displacement of the outside diameter
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of the bushing in the metal component. The key, in these
examples, 1s to modily the pull direction and/or bushing
geometry to obtain more uniform radial or expansion dis-
placement in the metal component 1n which the bushing 1s
placed. The overall focus 1s the have a radial expansion in
the bushing that reduces deformation or distortion in the
metal component from creating the interference fit.

Further, although the pulling of a mandrel through a
bushing 1s shown in these advantageous embodiments as a
mechanism for securing a bushing to a structure in which the
bushing 1s mserted, other methods may be used to create an
interference fit depending on the particular implementation.
For example, bushings may be placed into liquid mitrogen
such that the bushings shrink 1n size. These bushings are
then placed into the holes within the structures. As the
bushings increase in temperature, they expand and become
secured within the holes 1n the structures in which they have
been placed.

Thus, the present invention provides a method and appa-
ratus for preventing damage to a metal component that 1s
susceptible to damage by electro-magnetic effects such as a
lightning strike. An 1nitial channel 1s formed through a metal
component. A bushing 1s placed into the mnitial channel. An
interference it 1s created between the outer surface of the
bushing and the inner surface of the initial channel 1 the
metal component. A final channel 1s formed through the
bushing 1n which material 1s removed from the bushing to
increase a size of the mner channel. This inner channel has
a s1ze that 1s suitable to receive a fastener to fasten the metal
component to a second component. Further, the inner sur-
face of the metal component remains unexposed 1n the final
channel. The bushing serves as a barrier between the fas-
tener and the metal component within the final channel. A
tastener 1s placed into the final channel to attach the metal
component to the second component.

In these illustrative examples, the bushing acts as a
sacrificial material, such that the process for placing fasten-
ers within the titanium plate does not require drilling of the
titanium 1tself. Instead, the drilling occurs with respect to the
bushing. In these illustrative examples, the bushings are
made of steel. The bushings, however, may be made of other
maternials depending on the particular implementation. For
example, the bushing may be made of copper beryllium or
aluminum nickel bronze. The particular material used for a
bushing will depend on the particular implementation.

With the use of bushings 1n securing structures to each
other with fasteners, a “One-Up Assembly” process may be
implemented, such that a step 1n which these structures are
taken apart and burrs are cleaned or removed 1s avoided.
This extra step 1s avoided because any defects are generated
in the bushing rather than in the structure itself. As a result,
a Tatigue penalty 1s not incurred.

A further advantage of using these bushings 1s that 1n the
event of an electro-magnetic effect, such as one caused by a
lightning strike, any pitting or damage occurs in the bushing,
rather than 1n the structure in which the bushing and the
fastener has been placed. As a result, any arcing between the
fasteners occurs with the bushing. The titamium plates
remain un-pitted and undamaged by such an electro-mag-
netic effect. As a result, any damage or fatigue caused by
these effects may be remedied by removing the bushing and
fastener and putting a new one 1n its place.

Further, the depicted examples in these advantageous
embodiments show processes and apparatus for fastening
two structural components together 1n an aircraft. These
embodiments may be applied to any set of two or more
components that are to be fastened together. For examples,
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the embodiments may be applied to fastening three compo-
nents together in which bushing as used in two components.
Additionally, although the different examples show a ftita-
nium component and a composite component being fastened
together, the 1llustrative embodiments may be applied to any
materials. Moreover, the use of the bushing as a sacrificial
material may be applied to any material 1n which electro-
magnetic eflects are of a concern. When electro-magnetic
ellects are not of a concern, a bushung also may be used as
a sacrificial material with respect to reducing the number of
steps needed to assemble or fasten components together. The
bushing in these examples 1s the component that incurs
defects, such as burrs, during the assembly process. The
material in which the busing is inserted avoids these detects.

The description of the present invention has been pre-
sented for purposes of 1llustration and description, and 1s not
intended to be exhaustive or limited to the mvention in the
form disclosed. Many modifications and variations will be
apparent to those of ordinary skill 1n the art. For example,
although the embodiments are directed towards components
use 1n aircrait, the aspects of the present mnvention may be
applied to other structures. For example, the embodiments of
the present invention may be applied to automobiles or
boats. In fact, the different embodiments of the present
invention may be applied to fastening any two or more
components together with fasteners in which damages from
clectro-magnetic effects 1s undesirable 1n one of more of the
components. Further, different advantageous embodiments
may provide different advantages as compared to other
advantageous embodiments. The embodiment was chosen
and described 1n order to best explain the principles of the
invention, the practical application, and to enable others of
ordinary skill in the art to understand the invention for
various embodiments with various modifications as are
suited to the particular use contemplated.

What 1s claimed 1s:

1. An apparatus comprising:

a metal component;

a bushing located 1n a channel 1n the metal component,
wherein the bushing 1s secured in a hole through an
interference fit;

a second component for an aircraft, wherein the channel
in the metal component extends through the second
component; and

a lastener placed into the channel to attach the metal
component and the second component, wherein the
bushing 1s configured to prevent damage from electro-
magnetic eflects when arcing occurs between the fas-
tener and the bushing, whereby damage to the metal
component and the second component 1s avoided when
the apparatus 1s struck by lightning.

2. The apparatus of claim 1, wherein the metal component

1s a structural metal component comprised of titanium.

3. The apparatus of claim 1, wherein the metal component
1s a side-of-body chord for the aircraft and the second
component 1s an aircrait wing.

4. The apparatus of claim 1, wherein the channel com-
prises an nner channel 1n the metal component and a final
channel 1n the second component, wherein the inner channel
has a first diameter with a first center point and wherein the
final channel has a second diameter with a different center
point.

5. The apparatus of claim 1, wherein the bushing 1s
expanded relative to a first size, thereby creating the inter-
ference fit.

6. The apparatus of claim 3, wherein the bushing has the
first s1ze at a first temperature, and wherein the bushing has
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a second size at a second temperature, wherein the second
s1ze 1s greater than the first size, and wherein the second
temperature 1s greater than the first temperature.

7. The apparatus of claim 1, wherein the fastener com-
prises a bolt, wherein the metal component comprises tita-
nium, and wheremn the second component comprises a
carbon {iber remnforced polymer.

8. The apparatus of claim 1, wherein the bushing 1s a
sacrificial material that suflers damage during a lightning
strike 1n order to prevent the damage to the metal component
and the second component.

9. The apparatus of claim 7, wherein the fastener com-
prises the bolt that 1s secured using a washer and a nut
connected to the bolt.

10. The apparatus of claim 9, wherein the bolt extends
through the channel, wherein the nut 1s outside a first surface
of the metal component, and wherein the apparatus further
COMprises:

a second nut connected to the bolt and secured with a
second washer, the second nut being outside a second
surface of the second component.

11. The apparatus of claim 1, wherein a flange of the
bushing extends out of the channel and lies flush with a
surface of the metal component.

12. An apparatus comprising:

a metal component susceptible to damage caused by

arcing during an electromagnetic event;

a second component, wherein a {irst surface of the metal
component 1s 1n direct contact with a second surface of
the second component;

a lastener extending through the metal component and
into the second component, the fastener fastening the
metal component and the second component; and

a bushing located in a channel formed in the metal
component, wherein the bushing 1s formed of a sacri-
ficial material, and wherein the bushing 1s disposed 1n
direct contact with the metal component 1n the channel
such that arcing between the fastener and the bushing
1s prevented by the sacrificial material of the bushing.

13. The apparatus of claam 12, wherein the channel also
extends through the second component.

14. The apparatus of claim 12, wherein the metal com-
ponent 1s a structural metal component comprised of tita-
nium.

15. The apparatus of claim 12, wherein the metal com-
ponent 1s a side-of-body chord for an aircraft and the second
component 1s an aircraft wing.

16. The apparatus of claim 12, wherein the channel
comprises an inner channel in the metal component and a
final channel 1n the second component, wherein the 1nner

10

15

20

25

30

35

40

45

10

channel has a first diameter with a first center point and
wherein the final channel has a second diameter with a
different center point.

17. The apparatus of claim 12, wherein the bushing 1s
expanded relative to a first size, thereby creating an inter-
ference fit.

18. The apparatus of claim 17, wherein the bushing has
the first size at a first temperature, and wherein the bushing
has a second size at a second temperature, wherein the
second size 1s greater than the first size, and wherein the
second temperature 1s greater than the first temperature.

19. The apparatus of claim 12, wherein the fastener
comprises a bolt, wherein the metal component comprises
titanium, and wherein the second component comprises a
carbon fiber reintforced polymer.

20. The apparatus of claim 12, wherein the bushing 1s the
sacrificial material that suflers damage during a lightning
strike 1n order to prevent damage to the metal component
and the second component, wherein the fastener comprises
a bolt that 1s secured using a washer and a nut connected to
the bolt, wherein the bolt extends through the channel,
wherein the nut 1s outside a third surface of the metal
component opposite the first surface, wherein a tlange of the
bushing extends out of the channel and lies flush with a
surface of the metal component, and wherein the apparatus
further comprises:

a second nut connected to the bolt and secured with a
second washer, the second nut being outside a fourth
surface of the second component opposite the second
surface.

21. An apparatus comprising:

a metal component;

a bushing located 1n a channel 1n the metal component,
wherein the bushing 1s secured in a hole through an
interference fit;

a second component for an aircraft, wherein the channel
in the metal component extends through the second
component; and

a lastener placed into the channel to attach the metal
component and the second component, wherein the
bushing 1s configured to prevent damage from electro-
magnetic effects when arcing occurs between the fas-
tener and the bushing, whereby damage to the metal
component and the second component 1s avoided when
the apparatus 1s struck by lightning;

wherein:
the fastener comprises a bolt that 1s secured using a

washer and a nut connected to the bolt;
the bolt extends through the channel; and
the nut 1s outside a first surface of the metal component.
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